It is valuable to study the characteristics of haze change to make good efforts to control air pollution. The haze days in recent 3 decades in Chengdu were counted by 14 hour method, coming to the following results: 1) the number of haze days in Chengdu has decreased and then increased in the recent 3 decades; 2) the number of haze days in autumn and winter accounts for 70% of the year-round number. The spatial distributed characteristic of haze in Chengdu is that it is rare in northwestern Chengdu and common in southwestern Chengdu. Compared with Dujiangyan, the environmental background field of Chengdu, haze trends to become more serious in Shuangliu; 3) according to the comparative analysis on the AQI of 2013 and number of haze days, the methodologically-counted haze days correspond to moderate pollution weather, and this is well reflected in autumn and winter. It is susceptible to the rainfall system in summer; 4) the primary pollutant in Chengdu is PM2.5, followed by PM10. The climatic background is inimical to pollutant diffusion. Besides, the expansion of urban area and the change of people's lifestyle are significant causes of the increase in the number of pollution days.
Introduction
With their environmental consciousness being raised, people have been increasingly concerned with the effect and harm of haze. At present, the four severe haze-polluted areas in China are Huang-Huai-Hai Region, Sichuan Basin, Pearl River Delta and Yangtze River delta [1] . The domestic studies on haze have come into being gradually since 2000, most of which are systematic ones focusing on the Pearl River Delta, but there are also studies related to the Yangtze River delta and Beijing-Tianjin-Hebei Region [1] [2] . For instance, Wu Dui summarized the climatic features of the haze in Guangzhou and the causes of haze weather during the Asian Games [3] . Zhao Pusheng analyzed the features of the haze weather in the Beijing-Tianjin-Hebei region [4] . But there are few studies on the characteristics of the haze in Sichuan Basin, particularly Chengdu.
Chengdu is the most important city in Western China, where economy develops rapidly; infrastructure including urban roads and traffic facilities is constructed quickly; vehicle population grows rapidly, and pollutant emission rises to some extents. So, the air quality problem is becoming more and more serious in Chengdu, drawing attention from the Chengdu Municipal Government and citizens. Therefore, we made a study on the spatial and temporal distribution characteristics of haze in Chengdu in the recent 3 decades, and conducted a tentative analysis on the influencing factors of haze. This has positive significance to the forecast and prevention of the haze in Chengdu, as well as the evaluation of its effect.
The Definition of Fog and Haze and the Comparison of Meteorological Statistical Methods

The Definition of Fog and Haze
Both fog and haze are weather phenomena that obscure vision, and the major difference between them lies in humidity. If the horizontal visibility of target objects is reduced to below 1000 m, the moisture condensate suspending in surface air is called fog; and the condensate is called light fog if the horizontal visibility of target objects is between 1000 and 10,000 m; the obstruction to vision caused by the aerosol system consisting of such non-hydrometeors is called haze if the horizontal visibility is less than 10,000 m. Haze is 1 -3 km thick, its daily variation is not obvious, and there isn't apparent boundary between it and clear sky [5] . exceeds 100%, such as in a radiative cooling process, the liquid water separated out from haze particles becomes fog drops, but when RH decreases, haze particles form haze suspending in the atmosphere after fog drop dehydration.
Screening of Haze Statistics Methods
Haze must be defined to study its variation characteristics. There is some controversy over this standard in statistical processes, and a statistical standard con- 
Analysis of the Variation Characteristics of Haze in Recent 3 Decades in Chengdu
Annual Variation Trend
Three typical stations were adopted in this paper for analysis of the characteristics of the haze in Chengdu. Shuangliu is located in Southwestern Chengdu, 12 km away from the downtown area straightly. There is no clear boundary between it and the downtown area due to the high urbanization speed. Dujiangyan is located in northwestern Chengdu, where urbanization is slower than other districts and counties. The environmental protection bureau has taken Dujiangyan as the environmental background field. Also, Dujiangyan has been taken as the climatic and environmental background field in this paper. Wenjiang is located in northern Chengdu, which is a national base station.
Taking Wenjiang for example, the variation trend of haze in the recent 3 decades was calculated by 14 hour method. The annual average total number of haze days was 47.1: The early 1980s and 1990s saw many haze days, during which the annual average total number was basically larger than 50, and the number reached its peak value in 1986, which was 65. The period from the early 1990s to 2010 saw fewer haze days, during which the annual average total number was basically about 40, and the number reached its peak value in 1999, which As shown in Figure 1 , a change took place in the number of haze days around 1994 over the 3 decades. There were a large number of haze days in Chengdu before 1994, and the total number decreased after 1994, but this did not mean that the air quality got better in Chengdu. Since heat island and arid island effects began to become obvious in Chengdu in the early 1990s, (Hao Liping also pointed in the climatic characteristics of Chengdu that the climate in Chengdu hit a turning point in 1993) fog scarcely occurred, while haze often occurred.
As can be seen in Figure 2 , since the 1980s, the humidity in Chengdu has shown a downtrend, particularly since 2000, the extent of decrease has been very obvious. The average RH in Chengdu was greater than 83% before 1993, and 
Seasonal Variation Trend
According to the analysis of Figure 3 , the monthly average showed a "U"-shaped variation trend, namely the peak decreased to valley and then bounced.
The monthly average of 3 decades shows that the number reached its peak in January, followed by December, and reached its minimum in August, which was equal to 7.8, 7.4 and 0.3 respectively. The number in January, February, November and December accounted for 70% of the annual number. In pollution diffusion, meteorological conditions play a decisive role. In autumn and winter, calm weather prevails in Chengdu, and since the temperature difference between morning and evening is not big, temperature inversion often occurs. The surface wind speed is low, the number of rain days is small, and the basic rainfall is around 1 mm. All this is inimical to pollutant diffusion, so, under normal circumstances, small rainfall has a great precipitating effect on PM10, while little on PM2.5, and it may even lead to an increase in the content of PM2.5 in the air. For this phenomenon, a fair explanation is that raindrops increase in number in the descending process of micro-particles wrapped in raindrops high in the sky, and the small particles wrapped are released to form naked PM2.5 at low altitudes to increase the content of PM2.5. So, in the whole winter, the moderate or severe pollution days in Chengdu account for over 70%. In summer, there is the least likelihood that haze falls in Chengdu, because the coarse particles in the atmosphere are mainly removed by wet deposition. In summer, adequate rainfall scours away the suspended coarse particles including dust in the air and inhabits the formation of haze [5] . In addition, air convection flourishes in summer, and diffuses the pollutants (in particular, fine particulate pollutants) in the surface layer, so haze rarely occurs [6] .
Spatial Distribution
As can be seen in Figure 5 , the spatial distribution characteristic of haze in Chengdu is that there is least haze in northwestern Chengdu, represented by Dujiangyan, most in southern Chengdu, represented by Shuangliu, and moderate in eastern Chengdu such as Xindu and Jintang. This is because western Chengdu is a mountain area, and the near-surface dominant wind in Chengdu is 1-2-grade northeasterly wind, so under the topographical action, moisture converges in western, especially southwestern Chengdu. Relatively speaking, the annual average RH is higher in western Chengdu than eastern Chengdu. For Dujiangyan, which is located in northwestern Chengdu, its altitude is around 200 m higher than Chengdu urban areas', and that Dujiangyan Station is located in a tuyere area where the wind speed is greater than that in the urban area, so the number of haze days is small there.
Compared with the haze-prone year (1988) and low-frequency year (2007), there is basically no difference in haze distribution frequency between the districts, cities and counties of Chengdu. This is because haze forms based on local specific terrain factors under the general weather background. Of course, its formation is also related to the pollutant emission in the locality.
In Chengdu, Dujiangyan and Pujiang are the districts or counties farthest from Chengdu, so relatively speaking, the urbanization degree is comparatively low there, thus they can be regarded as background fields of spatial haze distribution. According to the comparison of haze day number between 2007 and 2008, haze was aggravated in Shuangliu, and compared with the number in Dujiangyan in 1998, the number of haze days in both Shuangliu and Dujiangyan increased obviously.
Haze Composition Characteristics
Corresponding Analysis of Haze Days and Pollution Weather
Since there is no big monitoring station but just automatic weather stations in Chengdu urban area, haze can only be judged by other alternative methods. that there is haze in Chengdu urban area, too (see Table 1 ).
So, there were 60 haze days in Chengdu urban area in 2013. See Table 2 for the monthly distribution. As can be seen, there was the largest number of haze days in January, which achieved 14, while there was no haze in August.
As shown in Figure 6 , in winter (December, January and February), haze days account for over half of the total days, and moderate pollution days account for 60% of the total days. Several heavy pollution days are obviously reflected in MOR and other relevant meteorological elements, suggesting that 14 hour method can identify not only haze weather, but also heavy pollution weather. But there are two problems needing attention: first, diffusion condition is better in midsummer, and it is a low probability that moderate or severe pollution weather appears. The haze occurring at this time usually has something to do with heavy rainfall. In July-August, there is usually thermal low pressure on the ground in Chengdu, so when weak cold air comes from north, the frontal zone will be enhanced in the northern basin, and wind speed will increase slightly on the ground in Chengdu in the afternoon or at nightfall. As a result, airflow will ascend in the whole layer, to cause dust from land surface to lower the MOR. But the corresponding pollutant concentration is not necessarily high. This needs to be excluded in practical operational application. Second, haze statistics respond to pollutant concentration accumulation dully. That is, MOR cannot be reflected unless one or two days later after the occurrence of moderate pollution, so generally speaking, the statistical number of haze days is smaller than the actual Figure 6 . The AQI value corresponding to the haze day in 2013. number of pollution days.
As shown in Figure 7 , the observation of PM2.5 began in 2013. As can be seen, the primary pollutant in Chengdu urban area is PM2.5, which accounts for 87% of the annual day number, and PM10 accounts for 11%, which accounts for over 92% given mild, moderate or severe pollution, and for 97% given moderate or severe pollution. On fine days in summer, PM10 and O3 can become principal pollutants, the corresponding AQI does not exceed 80 generally, and the primary pollutant is basically PM2.5 in autumn and winter.
This is because the large number of pollution days, as well as the fact that the primary pollutant is PM.5, is a common result of natural and anthropogenic causes. Chengdu is located in the central basin, which features high humidity, still wind frequency, highly possible temperature inversion, and insignificant temperature difference between morning and evening. The general climatic background decides a high possibility of haze occurrence in Chengdu. In midsummer (July-August), the air quality in Chengdu is basically excellent and good. This is because there is a low probability of temperature inversion in summer, day temperature is very high, which corresponds to an upward radiant flux, the mixed-layer height is high, which may reach 1 -2 km, and upward diffusion is good. At night, temperature decreases, and radiant flux goes down, Figure 7 . The proportion of pollutants in 2013 (a) the proportion of pollutants throughout the year (b) mild pollution above the proportion of pollutants).
producing a precipitating effect on pollutants. Heavy rainfall prevails in summer, big raindrops rarely evaporate, and the pollutants wrapped in raindrops are not exposed, so PM2.5 concentration is raised. Rainfall intensity is high in summer, which drags pollutants down powerfully, so the PM2.5 in the air attenuates obviously.
Autumn and winter are pollution-prone periods in Chengdu. The weather characteristic of Chengdu in winter is that temperature inversion occurs in mornings, surface wind speed is low, there is no sunshine, humidity is high, the temperature difference between morning and evening is small, the rainfall depth is around 1 mm, and there is no evident effect on PM2.5 abatement. Therefore, moderate or severe pollution often occurs in Chengdu in winter. What has an evident mitigative effect on the heavy pollution weather in winter is southbound cold air, and moderate or slightly weaker cold air has a very evident effect on pollutant diffusion in Chengdu.
The Relationship between Haze Weather and Urbanization
The seasonal variation of haze identified above is attributed to not only the intensity of cold air activities, but also the effective number of rain days, whereas the main factor is nothing but the frequency and intensity of cold air. Leaving aside meteorological factors, the increasingly large number of airborne particles caused by urbanization is also an important factor related to the formation of haze.
As can be seen from the 500 hpa height field and departure field in the winters (December that year, as well as January and February the year ensuing) in the same decade (e.g., the 1980s, and after 2000), meteorological conditions decided the number of haze days in adjacent years.
As shown in Figure 8 and Figure 9 , in the winter of 1984, there was a low pressure from Ba Lake to Bei Lake, corresponding to meions, and Urals high ridge corresponded to strong pleions, so cold air traveled southward easily.
There were meions from the plateau to the basin, which helped move fluctuations eastward to affect Chengdu, and brought about available rainfall with the cold air. There were only 37 haze days in Chengdu in the winter of 1984. On the contrary in 1985, weak ridge corresponded to pleions from Ba Lake to Bei Lake, , and the permanent resident population was 14.17 million. The motor vehicle population was 3.13 million, and in this aspect, Chengdu ranked the second at home, next only to Beijing. The expansion of urban area, the growth of population and the increase of motor vehicle population led to a sharp increase in the quantity of airborne particles. This is why the number of haze days has increased constantly in recent years. 2) Throughout the year, the number of haze days in autumn and winter accounts for 70% of the annual number. In these two seasons, calm weather prevails in Chengdu; the temperature difference between morning and evening is not big; temperature inversion often occurs; the surface wind speed is low; there are a smaller number of rain days, and the rainfall depth is usually 1 mm. All these are beneficial to the formation of haze.
Conclusions
3) The spatial distribution characteristic of haze in Chengdu is that there is less haze in northwestern Chengdu, while more in southwestern Chengdu. Ac- haze days, the meteorological statistical number of haze days corresponds to moderate pollution weather, and this is well reflected in autumn and winter. It is susceptible to the rainfall system in summer.
5) The primary pollutant in Chengdu is PM2.5, followed by PM10. The climatic background is inimical to pollutant diffusion. Moreover, the expansion of urban area and the change of people's lifestyle are also important causes for the increasing number of pollution days.
